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(67)  Embodiments disclosed herein generally relate
to a system and method for tracking virtual reality expe-
riences. A computing system (100) receives (202) a plu-
rality of location coordinates of a user during a VR sim-
ulation. The computing system (100) uploads (204) the
plurality of location coordinates to a database (124). The
computing system (100) prompts (206) a client device
(101) that an API (118) linking the client device (101) of
the userto functionality of the database (124)is available.
The computing system (100) receives (208) a query via
the API (118). The computing system (100) translates
(210) the received query to a query compatible with the
database (124). The computing system (100) queries
(212) the database (124) using the received query for
according to criteria set forth in the received query to
retrieve a set of location information. The computing sys-
tem (100) generates (214) a heat map based on the re-
trieved location information. The computing system (100)
prompts the remote client device that the heat map is
available for display.
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Description
Field of the Disclosure

[0001] The present disclosure generally relates to a
method and a system for tracking virtual reality experi-
ences.

Background

[0002] As virtual reality (VR) technology continues to
rapidly improve, the applications of VR technology to ex-
isting fields continues to grow. Virtual reality technology
may be implemented into a variety of fields, such as, for
example, healthcare, advertisement, entertainment,
travel, and the like. Similarly, VR devices continue to im-
prove, and have become more readily available as the
price of the technology decreases. With this combination,
VR technology has become ever more prevalent in the
digital age.

Summary

[0003] Embodiments disclosed herein generally relate
to a system and method for tracking virtual reality expe-
riences. In one embodiment, a method is disclosed here-
in. A computing system receives a plurality of location
coordinates of a user during a virtual reality simulation.
The computing system uploads the plurality of location
coordinates to a database. The computing system
prompts a client device that an application programming
interface (API)linking the client device of the user to func-
tionality of the database is available. The computing sys-
tem receives a query via the API. The computing system
translates the received query to a query compatible with
the database. The computing system queries the data-
base using the received query for according to a criteria
set forth in the received query to retrieve a set of location
information. The computing system generates a heat
map based on the retrieved location information. The
computing system prompts the remote client device, via
a second AP, that the heat map is available for display.
[0004] In some embodiments, translating the received
query to a query compatible with the database includes
the computing system parsing the received query. The
computing system identifies a level of granularity re-
quested for the set of location information. The computing
system translates the received query to a structured que-
ry language (SQL) command based on the level of gran-
ularity.

[0005] Insome embodiments, translating the received
query to a structured query language (SQL) command
based on the level of granularity includes the computing
system splitting a location comprising the plurality of lo-
cation coordinates into a plurality of discrete segments.
The computing system generates the heat map based
on the plurality of discrete segments.

[0006] In some embodiments, receiving a plurality of
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location coordinates of a user during a virtual reality sim-
ulation includes the computing system receiving a first
plurality of location coordinates corresponding to a loca-
tion of a user’s gaze. The computing system receives a
second plurality of location coordinates corresponding to
a location of a user’s hands.

[0007] In some embodiments, the computing system
further receives a third plurality of location coordinates
corresponding to a rotation of a user’s head.

[0008] In some embodiments, each location coordi-
nate of the plurality of location coordinates includes an
x-coordinate, a y-coordinate, and a z-coordinate.

[0009] In some embodiments, the database is a Post-
GIS database.
[0010] In another embodiment, a method is disclosed

herein. A computing system receives, from a virtual re-
ality headset, a software development kit comprising a
plurality of location coordinates corresponding to a gaze
of auserduring a virtual reality simulation. The computing
system uploads the plurality of location coordinates to a
database. The computing system generates an applica-
tion programming interface (API) linking a remote client
device to functionality of the objection-relational data-
base. The computing system prompts the remote client
device that the APl is available to receive one or more
parameters to query the database. The computing sys-
tem receives the one or more parameters via the API
from the remote client device. The computing system
queries the database using the received query according
to a criteria set forth in the received query to retrieve a
set of location information. The computing system gen-
erates a heat map based on the retrieved location infor-
mation. The computing system prompts the remote client
device, via a second API, that the heat map is available
for display.

[0011] In some embodiments, querying the database
using the received query according to a criteria set forth
in the received query to retrieve a set of location infor-
mation includes the computing system parsing the re-
ceived query. The computing system identifies a level of
granularity requested for the set of location information.
The computing system translates the received query to
a structured query language (SQL) command based on
the level of granularity.

[0012] In some embodiments, translating the received
query to the SQL command based on the level of gran-
ularity includes the computing system splitting a location
comprising the plurality of location coordinates into a plu-
rality of discrete segments. The computing system gen-
erates the heat map based on the plurality of discrete
segments.

[0013] In some embodiments, the computing system
further receives a second plurality of location coordinates
corresponding to a location of a user’s hands.

[0014] In some embodiments, the computing system
further receives a third plurality of location coordinates
corresponding to a rotation of a user’s head.

[0015] In some embodiments, each location coordi-
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nate of the plurality of location coordinates includes an
x-coordinate, a y-coordinate, and a z-coordinate.

[0016] In some embodiments, the database is a Post-
GIS database.
[0017] In another embodiment, a system is disclosed

herein. The system includes a processor and a memory.
The memory has programming instructions stored ther-
eon, which, when executed by the processor, performs
an operation. The operation includes

receiving, from a virtual reality headset, a software de-
velopment kit comprising a plurality of location coordi-
nates corresponding to a gaze of a user during a virtual
reality simulation. The operation includes uploading the
plurality of location coordinates to a database. The op-
eration includes generating an application programming
interface (API) configured to receive a query from a re-
mote client device. The operation includes prompting the
remote client device that the API is available to receive
one or more parameters to query the database. The op-
eration includes receiving the one or more parameters
via the API from the remote client device. The operation
includes querying the database using the received query
according to a criteria set forth in the received query to
retrieve a set of location information. The operation in-
cludes generating a heat map based on the retrieved
location information. The operation includes prompting
the remote client device, via a second API, that the heat
map is available for display.

[0018] In some embodiments, the operation of query-
ing the database using the received query according to
a criteria set forth in the received query to retrieve a set
of location information includes the operations of parsing
the received query, identifying a level of granularity re-
quested for the set of location information, and translating
the received query to a structured query language (SQL)
command based on the level of granularity.

[0019] In some embodiments, the operation of trans-
lating the received query to the SQL command based on
the level of granularity includes the operations of splitting
a location comprising the plurality of location coordinates
into a plurality of discrete segments and generating the
heat map based on the plurality of discrete segments.
[0020] In some embodiments, the operation further in-
cludes receiving a second plurality of location coordi-
nates corresponding to a location of a user’s hands.
[0021] In some embodiments, the operation further in-
cludes receiving a third plurality of location coordinates
corresponding to a rotation of a user’s head.

[0022] In some embodiments, each location coordi-
nate of the plurality of location coordinates includes an
x-coordinate, a y-coordinate, and a z-coordinate.

Brief Description of the Drawings

[0023] So that the manner in which the above recited
features of the present disclosure can be understood in
detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to
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embodiments, some of which are illustrated in the ap-
pended drawings. It is to be noted, however, that the
appended drawings illustrated only typical embodiments
of this disclosure and are therefore not to be considered
limiting of its scope, for the disclosure may admit to other
equally effective embodiments.

Figure 1 is a block diagram illustrating a computing
environment, according to one embodiment.

Figure 2 is a block diagram of a location in a virtual
reality experiences, according to one embodiment.

Figure 3 is a flow diagram illustrating a method of
tracking a virtual reality experience of a user, accord-
ing to one embodiment.

Figure 4 is a flow diagram illustrating an operation
of the method of Figure 3 in further detail, according
to one embodiment.

Figure 5 is a block diagram illustrating a computing
environment, according to one embodiment.

[0024] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodi-
ment may be beneficially utilized on other embodiments
without specific recitation.

Detailed Description

[0025] The present disclosure generally relates to a
method and a system for tracking virtual reality experi-
ences. In some embodiments, one or more techniques
disclosed herein leverage information included in a soft-
ware development kit (SDK) of a virtual reality (VR) head-
set to track one or more locations of a user’'s gaze, hand
position, head position, and the like, while interacting with
a VR environment. Based on the one or more locations,
the one or more techniques disclosed herein may gen-
erate a heat map that visually illustrates area of the VR
environment thatare mostfrequently viewed by the users
during the VR experience. In some embodiments, the
one or more techniques discussed herein may be tuned
to a level of granularity defined by the user. For example,
a user may define a level of detail in which the one or
more systems disclosed herein generate the heat map.
[0026] In some embodiments, the one or more tech-
niques disclosed herein implement an object relational
database to store the plurality of location coordinates.
Such object relational database aids in efficient storage
and retrieval of the one or more location coordinates for
the generation of the heat map. With this information, an
entity associated with the system may be able to dynam-
ically position elements in three-dimensional space
based on feedback from one or more users. Forexample,
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if a content developer wants a user to see an advertise-
menton the wall of a building in three-dimensional space,
the developer may place the advertisement on the wall
in which the developer assumes most people will see.
As an increased number of people partake in the VR
simulation, the one or more techniques disclosed herein
help identify if the initial placement of the advertisement,
for example, was correct, or if the placement of the ad-
vertisement needs to be moved.

[0027] The term "user" as used herein includes, for ex-
ample, a person or entity that owns a computing device
or wireless device; a person or entity that operates or
utilizes a computing device; or a person or entity that is
otherwise associated with a computing device or wireless
device. It is contemplated that the term "user" is not in-
tended to be limiting and may include various examples
beyond those described.

Figure 1 is a block diagram illustrating a computing en-
vironment 100, according to one embodiment. Comput-
ing environment 100 may include at least front end com-
puting environment 102 and back end computing envi-
ronment 104 communicating via network 105.

[0028] Network 105 may be of any suitable type, in-
cluding individual connections via the Internet, such as
cellular or Wi-Fi networks. In some embodiments, net-
work 105 may connect terminals, services, and mobile
devices using direct connections, such as radio frequen-
cy identification (RFID), near-field communication (NFC),
Bluetooth™, low-energy Bluetooth™ (BLE), Wi-Fi™,
ZigBee™, ambient backscatter communication (ABC)
protocols, USB, WAN, or LAN. Because the information
transmitted may be personal or confidential, security con-
cerns may dictate one or more of these types of connec-
tion be encrypted or otherwise secured. In some embod-
iments, however, the information being transmitted may
be less personal, and therefore, the network connections
may be selected for convenience over security.

[0029] Network 105 may include any type of computer
networking arrangement used to exchange data. For ex-
ample, network 105 may include any type of computer
networking arrangement used to exchange information.
For example, network 105 may be the Internet, a private
data network, virtual private network using a public net-
work and/or other suitable connection(s) that enables
components in computing environment 100 to send and
receiving information between the components of system
100.

[0030] Front end computing environment 102 may in-
clude at least client device 101, client device 106 and
virtual reality (VR) device 108. In some embodiments,
client device 106 may communicate with VR device 108
via a wired connection therebetween. In some embodi-
ments, client device 106 may communicate with VR de-
vice 108 via a wireless communication. Client device 106
may be operated by a user. For example, client device
102 may be a mobile device, a tablet, a desktop compu-
ter, or any computing system having the capabilities de-
scribed herein.
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[0031] Client device 106 may include at least VR ap-
plication 112. VR application 112 may be configured to
interface with VR device 108. For example, VR applica-
tion 112 may be an application that corresponds to VR
device 108.

[0032] Client device 101 may be associated with an
entity attempting to access functionality of back end com-
puting environment 104. Client device 101 may include
at least application 114. Application 114 may be repre-
sentative of a web browser that allows access to a web-
site or a stand-alone application. Client device 101 ac-
cess application 114 to access functionality of back end
computing environment 104. Client device 101 may com-
municate over network 105 to request a webpage, for
example, from web server 116 in back end computing
environment 104. For example, client device 101 may be
configured to execute application 114 to access content
management by web server 116. The content that is dis-
played to client device 101 may be transmitted from web
server 116 to client device 101, and subsequently proc-
essed by application 112 for display through a graphical
user interface (GUI) of client device 101.

[0033] VR device 108 is configured to provide a virtual
reality (VR) experience to a user of VR device 108. VR
device 108 may be a head-mounted device worn by a
user. VR device 108 may be configured to record at least
head movements and hand movements (generally bodily
movements) of the user during the VR experience. In
some embodiments, VR device 108 may work in con-
junction with VR application 112 executing on client de-
vice 106. In some embodiments, VR device 108 may be
a stand-alone device, configured to execute a respective
VR application (not shown).

[0034] VR device 108 may include software develop-
ment kit (SDK) module 110. SDK module 110 may in-
clude an SDK that may be a set of software development
tools that allows the creation of application for a certain
software package, software framework, hardware plat-
form, computer system, video game console, operating
system, and the like. SDK module 110 may be configured
to track one or more locations of a user throughout the
VR experience. In some embodiments, SDK module 110
may track a movement of a user’s head during the VR
experience. In some embodiments, SDK module 110
may track a movement of a user’s hands during the VR
experience. In some embodiments, SDK module 110
may track a movement of a user’s gaze during the VR
experience. SDK module 110 may transmit the one or
more coordinates of the user to client device 106 for fur-
ther analysis.

[0035] In operation, for example, an entity associated
with client device 101 and/or back end computing envi-
ronment 104 may develop a VR experience for an end
use that involves the end user interacting in an environ-
ment provided by the entity. For example, a financial in-
stitution may create a VR experience to track a user (or
customer) in a branch location to track a user’s move-
ment, gaze, etc. throughout the branch visit. In another
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example, a financial institution may create a VR experi-
ence to track a user’s motion while interacting with an
automated teller machine (ATM) to determine a desired
layout of the ATM. In another example, an advertising
company may want to identify a location in a facility that
is frequently viewed for subsequent placement of an ad-
vertisement. VR application 112 may may transmit the
recorded coordinates of the user to back end computing
environment 104, for example, for further analysis re-
garding one or more locations frequently viewed (or in-
teracted with) by the user.

[0036] Front end computing environment 102 may
communicate with back end computing environment 104
over network 105. Back end computing environment 104
may be associated with an entity or an organization (e.g.,
financial institution). Back end computing environment
104 may include web server 116, API server 118, data-
base 124, and analysis server 120. Web server 116, API
server 118, database 124, and analysis server 120 may
communicate via network 115.

[0037] Network 115 may be of any suitable type, in-
cluding individual connections via the Internet, such as
cellular or Wi-Fi networks. In some embodiments, net-
work 115 may connect terminals, services, and mobile
devices using direct connections, such as radio frequen-
cy identification (RFID), near-field communication (NFC),
Bluetooth™, low-energy Bluetooth™ (BLE), Wi-Fi™,
ZigBee™, ambient backscatter communication (ABC)
protocols, USB, WAN, or LAN. Because the information
transmitted may be personal or confidential, security con-
cerns may dictate one or more of these types of connec-
tion be encrypted or otherwise secured. In some embod-
iments, however, the information being transmitted may
be less personal, and therefore, the network connections
may be selected for convenience over security.

[0038] Network 115 may include any type of computer
networking arrangement used to exchange data. For ex-
ample, network 115 may include any type of computer
networking arrangement used to exchange information.
For example, network 115 may be the Internet, a private
data network, virtual private network using a public net-
work and/or other suitable connection(s) that enables
components in computing environment 100 to send and
receiving information between the components of system
100.

[0039] Web server 116 may be configured to commu-
nicate with application 112 executing on client device
101. For example, web server 116 may provide one or
more web pages that allows client device 101 to access
functionality of back end computing system 104. In some
embodiments, web server 116 may transmit content to
client device 101, which is subsequently processed by
application 112 for display through a GUI of client device
106.

[0040] APIserver 118 may include a computer system
configured to execute one or more APIs that provide var-
ious functionalities related to the operations of back end
computing environment 104. In some embodiments, API
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server 118 may include APl adapter that allow APl server
118 to interface with and utilize enterprise APIs main-
tained by back end computing environment 104 and/or
an associated entity that may be housed on other sys-
tems or devices. In some embodiments, APls may pro-
vide functions that include, for example, receiving one or
more parameters for a query from client device 101, ex-
ecuting a query based on the one or more parameters,
linking client device 101 to back end computing environ-
ment 104, and any other such function related to the anal-
ysis of user movement and actions during a VR session.
API server 118 may include one or more processors 134
and one or more API databases 136, which may be any
suitable repository of APl information. Information stored
in API server 118 may be accessed via network 115
and/or network 105 by one or more components of back
end computing environment 104. In some embodiments,
API processor 134 may be configured to access, modify,
and retrieve information from database 124.

[0041] Database 124 may be configured to store one
or more sets of coordinates received from client device
106 during one or more VR sessions. In some embodi-
ments, database 124 may be an object-relational data-
base. Accordingly, database 124 may be configured to
support objects, classes, and inheritances to be stored
therein, while allowing end users to query database using
structured query language (SQL) commands. In some
embodiments, database 124 may be a PostGIS database
that may receive PostgreSQL commands. In some em-
bodiments, database 124 may be a non-relational data-
base. For example, the disclosed techniques may also
be implemented with a NoSQL database or data store.
In some embodiments, database 124 may be a filesys-
tem (e.g., Amazon Web Services S3, Apache Hadoop
Distributed File System (HDFS), and the like).

[0042] Analysis server 120 may be configured to ana-
lyze movement of a user operating VR device 108 during
a VR experience. In some embodiments, analysis server
120 may receive one or more parameters from client de-
vice 106 for analysis. For example, analysis server 120
may receive a plurality of coordinates corresponding to
bodily movements of the user wearing the VR device 108
during the VR experience.

[0043] Analysis server 120 may receive the one or
more parameters from client device 101 via an API, gen-
erated by API server 118, that links client device 101 to
back end computing environment 102. In some embod-
iments, the plurality of coordinates may correspond to a
location of a user’s gaze during the VR experience. In
some embodiments, the plurality of coordinates may cor-
respond to a location of a user's head during the VR
experience. In some embodiments, the plurality of coor-
dinates may correspond to a location of a user’s hands
during the VR experience.

[0044] Analysis server 120 may further receive one or
more parameters to generate a query to execute against
database 124. The query may be used to generate a heat
map of user’s gaze throughout the VR experience. For
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example, analysis server 120 may query database to de-
termine one or more hot spots or dead zones in the VR
simulation. Based off of this information, an entity asso-
ciated with back end computing environment 104 may
dynamically position elements in 3D space in real-time
(or near real-time). The one or more parameters of the
query may include a criteria. The criteria may include, for
example, a level of granularity for the query. The level of
granularity may be directed to a level of detail in which
analysis server 120 analyzes the set of coordinates.
[0045] Inoperation, clientdevice 101 may access func-
tionality of back end computing environment 104 via ap-
plication 114 executing thereon. In some embodiments,
client device 106 may transmit SDK by accessing VR
application 112. SDK may include one or more coordi-
nates corresponding to a gaze of a user during a VR
experience. In some embodiments, the one or more co-
ordinates may further correspond to one or more bodily
location, such as head location and hand locations. API
server 118 may store the received coordinate into data-
base 124. API server 118 is configured to generate an
API to receive one or more query parameters for data-
base 124. For example, web server 116 may notify client
device 101 thatan APIto query database 124 is available.
Based on the received query, analysis server 120 may
generate a heat map for display to the user. The heat
map may illustrate one or more locations in the VR sim-
ulation that the user concentrated on (i.e., looked
at/viewed) most frequently.

[0046] Figure 2 is a flow diagram of a method 200 of
tracking a virtual reality experience of a user, according
to one embodiment. Method 200 begins at step 202. At
step 202, back end computing environment 104 receives
a plurality of location coordinates of a user operating a
VR headset during a simulation. In some embodiments,
back end computing environment may receive the plu-
rality of location coordinates via VR application 112 ex-
ecuting on client device 106. For example, client device
106 may automatically transmit the one or more param-
eters to web server 116 via VR application 11. In some
embodiments, back end computing environment 104
may receive the plurality of location coordinates via re-
ceiving SDK. For example, SDK may include the plurality
of coordinates recorded during the VR session.

[0047] At step 204, back end computing environment
104 may upload the plurality of location coordinates to
database 124. API server 118 may parse, for example,
the received SDK to identify the plurality of location co-
ordinates contained therein. In some embodiments, API
server 118 may further upload a coordinate system of
VR device 108 stored in SDK. For example, the coordi-
nate system of VR device 108 may provide additional
information about the relative location of each location
coordinate. Each location coordinate of the plurality of
location coordinates may include an x-component, a y-
component, and a z-component. As such, each location
coordinate may be a triplet (i.e., (x, y, z)).

[0048] At step 206, back end computing environment
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may generate an API that links user device 101 to data-
base 124. APl server 118 may generate an API that pro-
vides an interface to allow users of client device 101 to
enter one or more parameters. The one or more param-
eters may act as input to a query against database 124.
In some embodiments, API server 118 may notify client
device 101 that an API is available. Client device 101
may access the functionality of API server 118 via appli-
cation 114 executing thereon. Accordingly, users of client
device 101 may submit one or more parameters directed
to the generation of a heat map that illustrates particular
"hot spots" or "dead zones" in the VR simulation based
on, forexample, the gaze and bodily locations of the user.
[0049] At step 208, back end computing environment
104 may receive a query from client device 101. Web
server 116 may receive the query from client device 101
via the APl accessed through application 114. The query
may include one or more parameters directed to the gen-
eration of a heat map. In some embodiments, the query
may include a level of granularity, i.e., a level of detail in
which to generate the heat map. In other words, user of
client device 101 may define the level of detail in which
analysis server 120 will generate the heat map. Such
level of granularity may be described, for example, in
terms rectangular dimensions. For example, the user
may define the level of granularity tobe L x W x H, where
L corresponds to length of a box (i.e., three-dimensional
rectangle), W corresponds to width of the box, and H
corresponds to height of the box. Accordingly, when anal-
ysis server 120 generates the heat map, analysis server
120 may segment the VR simulation location into a plu-
rality of boxes with the dimensions specified in the query.
Those skilled in the art may readily understand that a
finer level of granularity (e.g., 1 cm x 1 cm x 1 cm) com-
pared to a more obtuse level of granularity (e.g., 1 mx 1
m x 1 m) will provide a more detailed level of analysis.
[0050] At step 210, back end computing environment
104 may translate the received query into a query com-
patible with database 124. In some embodiments, anal-
ysis agent 120 may translate the received one or more
parameters into a SQL query. In some embodiments,
analysis agent 120 may translate the received one or
more parameters into a query that is compatible with da-
tabase 124.

[0051] Figure 3 is a flow diagram illustrating step 210
in further detail, according to one embodiment. At step
302, analysis server 120 may parse the query received
via API. For example, analysis server 120 may identify
one or more parameters transmitted from client device
101 to web server 116 via application 114.

[0052] At step 304, analysis server 120 may identify a
level of granularity defined in the query. For example,
analysis server 120 may parse the one or more param-
eters to identify the level of granularity defined by the
user. The level of granularity defined in the query may
be used by analysis server 120 in generating the heat
map using the retrieved location coordinates from data-
base 124.
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[0053] At step 306, analysis server 120 may translate
the received query to a query that is compatible with da-
tabase 124. In some embodiments, analysis agent 120
may translate the received one or more parameters into
a SQL query. In some embodiments, analysis agent 120
may translate the received one or more parameters into
a query that is compatible with database 124.

[0054] Referring back to Figure 2, at step 212, back
end computing environment 104 may query database
124 using the translated query (generated in step 210).
For example, analysis server 120 may query database
using the database-compatible query generated above
to retrieve a plurality of location coordinates of the user
during the VR session. In some embodiments, the query
may request location coordinates related to a location of
the user’s gaze during the VR experience. In some em-
bodiments, the query may request location coordinates
related to a location of the user’s body at various parts
of the VR experience. In some embodiments, the query
may request location coordinates related to one or more
of the user’s gaze, the position of the user’s hands, the
location of the user’s head, the rotation of the user’s head,
the rotation of the user’s hands, and the like.

[0055] At step 214, back end computing environment
104 may generate a heat map based on the retrieved
location information. The heat map may be a graphical
representation of data (i.e., location coordinates) where
the individual values contained in a matrix are represent-
ed as colors. Each color in the heat map may correspond
to a different level of concentration of location coordi-
nates. Analysis server 120 may generate the heat map
based on the level of granularity defined by the user. For
example, analysis server 120 may split a location in the
VR experience into a plurality of discrete segments. Each
discrete segment may include one or more location co-
ordinates. Analysis server 120 may generate the heat
map based on a concentration of one or more location
coordinates in each discrete segment. For example,
analysis server 120 may count a number of location co-
ordinates in each discrete segment, and assign each
segment a concentration level based on the number of
location coordinates contained therein. Those discrete
segments with the highest number of location coordi-
nates may be described as "hot spots," i.e., those loca-
tions that the user has viewed most frequently. Those
discrete segments with the lowest number of location co-
ordinates may be described as "cold spots," i.e., those
locations that user viewed least frequently, or ignored.
[0056] At step 216, back end computing
environment104 may present the heat map to the user.
API server 118 may generate an API that allows user to
view, access, manipulate the heat map via application
114 executing on client device 106. For example, web
server 116 may notify client device 106 via application
114 thatan APl is available to access the generated heat
map. Web server 116 may provide API to client device
106 such that user of client device 106 may access the
heat map.
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[0057] The generated heat map may provide an entity
with a variety of information regarding the user’s interac-
tion with the VR environment. In some embodiments, the
information may aid the entity in determining location of
certain items in a real-world environment. For example,
the entity may generate a VR environment in which sev-
eral advertisements are placed. From the heat map, the
entity may determine that certain locations in the VR en-
vironment are more appealing than others for advertise-
ment placement. From the heat map, the entity may also
determine that certain advertisements are deemed more
desirable than others (e.g., those viewed less frequently
based on the location coordinates). In another example,
the entity may generate a VR environment in which an
ATM is located. From the heat map, the entity may de-
termine that users of the ATM frequently look towards a
specific area in anticipation of a credit card slot being
located therein. In both scenarios, the generated heat
map based on the user’s viewing of items in the VR en-
vironment may translate into the positioning (or re-posi-
tioning) of items in a real-world environment into more
favorable locations.

[0058] Figure 4 is a block diagram 400 of a location in
a virtual reality experiences, according to one embodi-
ment. As recited above in conjunction with step 314, a
heat map may be generated based on a level of granu-
larity defined by the user. lllustrated in block diagram 400
are two sets of discrete segments based on different lev-
els of granularity. The first set of discrete segments is
block 402 and block 404. The second set of discrete seg-
ments is block 410 and block 412. The first set of discrete
segments (block 402 and block 404) has a more obtuse
level of granularity compared to the second set of discrete
segments (block 410 and block 412). Each discrete seg-
ment may include one or more location coordinates 406
contained therein. As illustrated, block 404 includes a
higher concentration of location coordinates than block
402, and therefore, would be illustrated differently on the
heat map. Similarly, block 412 includes a higher concen-
tration of location coordinates than block 410, and there-
fore, would be illustrated differently on the heat map.
[0059] Figure 5 is a block diagram illustrating an ex-
emplary computing environment 500, according to some
embodiments. Computing environment 500 includes
computing system 502 and computing system 552. Com-
puting system 502 may be representative of client device
102. Computing system 552 may be representative of a
computing system of analysis server 120.

[0060] Computing system 502 may include a proces-
sor 504, a memory 506, a storage 508, and a network
interface 510. In some embodiments, computing system
502 may be coupled to one or more I/O device(s) 522
(e.g., keyboard, mouse, etc.).

[0061] Processor 504 retrieves and executes program
code 516 (i.e., programming instructions) stored in mem-
ory 506, as well as stores and retrieves application data.
Processor 504 is included to be representative of a single
processor, multiple processors, a single processor hav-
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ing multiple processing cores, and the like. Network in-
terface 510 may be any type of network communications
allowing computing system 552 to communicate exter-
nally via computing network 505. For example, network
interface 510 is configured to enable external communi-
cation with computing system 552.

[0062] Storage 508 may be, for example, a disk stor-
age device. Although shown as a single unit, storage 508
may be a combination of fixed and/or removable storage
devices, such as fixed disk drives, removable memory
cards, optical storage, network attached storage (NAS),
storage area network (SAN), and the like.

[0063] Memory 506 may include application 512, op-
erating system 514, and program code 516. Program
code 516 may be accessed by processor 504 for process-
ing (i.e., executing program instructions). Program code
516 may include, for example, executable instructions
for communicating with computing system 552 to gener-
ate heat map based on parameters specified by the end
user. Application 512 may enable a user of computing
system 502 to access a functionality of computing system
552. The content that is displayed to a user of computing
system 502 (e.g., generated heat map) may be transmit-
ted from computing system 552 to computing system
502, and subsequently processed by application 512 for
display through a graphical user interface (GUI) of com-
puting system 502.

[0064] Computing system 552 may include a proces-
sor 554, a memory 556, a storage 558, and a network
interface 560. In some embodiments, computing system
502 may be coupled to one or more 1/O device(s) 572.
In some embodiments, computing system 502 may be
in communication with database 124.

[0065] Processor 554 retrieves and executes program
code 566 (i.e., programming instructions) stored in mem-
ory 556, as well as stores and retrieves application data.
Processor 554 is included to be representative of a single
processor, multiple processors, a single processor hav-
ing multiple processing cores, and the like. Network in-
terface 560 may be any type of network communications
enabling computing system 552 to communicate exter-
nally via computing network 505. For example, network
interface 560 allows computing system 552 to commu-
nicate with computer system 502.

[0066] Storage 558 may be, for example, a disk stor-
age device. Although shown as a single unit, storage 558
may be a combination of fixed and/or removable storage
devices, such as fixed disk drives, removable memory
cards, optical storage, network attached storage (NAS),
storage area network (SAN), and the like.

[0067] Memory 556 may include analysis agent 562,
operating system 564, program code 566, and verifica-
tion agent 114. Program code 566 may be accessed by
processor 554 for processing (i.e., executing program
instructions). Program code 566 may include, for exam-
ple, executable instructions configured to perform steps
discussed above in conjunction with Figures 2-3. As an
example, processor 554 may access program code 566
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to perform operations for generating a heat map of user
interaction in a VR simulation.

[0068] Analysis agent 562 may be configured to ana-
lyze movement of a user operating VR device 108 during
a VR experience. In some embodiments, analysis server
562 may receive one or more parameters from client de-
vice 101 for analysis. For example, analysis server 120
may receive a plurality of coordinates corresponding to
bodily movements of the user wearing the VR device 108
during the VR experience. In some embodiments, the
plurality of coordinates may correspond to a location of
a user’'s gaze during the VR experience. In some em-
bodiments, the plurality of coordinates may correspond
to a location of a user’s head during the VR experience.
In some embodiments, the plurality of coordinates may
correspond to a location of a user’s hands during the VR
experience. Analysis server 120 may further receive one
or more parameters to generate a query to execute
against database 124. The query may be used to gen-
erate a heat map of user’s gaze throughout the VR ex-
perience. For example, analysis server 120 may query
database to determine one or more hot spots or dead
zones in the VR simulation.

[0069] While the foregoing is directed to embodiments
described herein, other and further embodiments may
be devised without departing from the basic scope there-
of. For example, aspects of the present disclosure may
be implemented in hardware or software oracombination
of hardware and software. One embodiment described
herein may be implemented as a program product for
use with a computer system. The program(s) of the pro-
gram product define functions of the embodiments (in-
cluding the methods described herein) and can be con-
tained on a variety of computer-readable storage media.
lllustrative computer-readable storage media include,
but are not limited to: (i) non-writable storage media (e.g.,
read-only memory (ROM) devices within a computer,
such as CD-ROM disks readably by a CD-ROM drive,
flash memory, ROM chips, or any type of solid-state non-
volatile memory) on which information is permanently
stored; and (ii) writable storage media (e.g., floppy disks
within a diskette drive or hard-disk drive or any type of
solid state random-access memory) on which alterable
information is stored. Such computer-readable storage
media, when carrying computer-readable instructions
that direct the functions of the disclosed embodiments,
are embodiments of the present disclosure.

[0070] It will be appreciated to those skilled in the art
that the preceding examples are exemplary and not lim-
iting. It is intended that all permutations, enhancements,
equivalents, and improvements thereto are apparent to
those skilled in the art upon a reading of the specification
and a study of the drawings are included within the true
spirit and scope of the present disclosure. It is therefore
intended that the following appended claims include all
such modifications, permutations, and equivalents as fall
within the true spirit and scope of these teachings.
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Claims

A method, comprising:

receiving a plurality of location coordinates of a
user during a virtual reality simulation;
uploading the plurality of location coordinates to
a database;

prompting a client device that an application pro-
gramming interface (API) linking the client de-
vice of the user to functionality of the database
is available;

receiving a query via the API;

translating the received query to a query com-
patible with the database;

querying database using the received query for
according to a criteria set forth in the received
query to retrieve a set of location information;
generating a heat map based on the retrieved
location information; and

prompting the remote client device, via a second
API, that the heat map is available for display.

2. A method, comprising:

receiving, from a virtual reality headset, a soft-
ware development kit comprising a plurality of
location coordinates corresponding to a gaze of
a user during a virtual reality simulation;
uploading the plurality of location coordinates to
a database;

generating an application programming inter-
face (API) linking a remote client device to func-
tionality of the objection-relational database;
prompting the remote client device that the API
is available to receive one or more parameters
to query the database;

receiving the one or more parameters via the
API from the remote client device;

querying the database using the received query
according to a criteria set forth in the received
query to retrieve a set of location information;
generating a heat map based on the retrieved
location information; and

prompting the remote client device, via a second
API, that the heat map is available for display.

3. The method of claim 1, wherein translating the re-

ceived query to a query compatible with the data-
base, comprises:

parsing the received query;

identifying a level of granularity requested for
the set of location information; and

translating the received query to a structured
query language (SQL) command based on the
level of granularity; or

the method of claim 2, wherein querying the da-
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tabase using the received query according to a
criteria set forth in the received query to retrieve
a set of location information, comprises:

parsing the received query;

identifying a level of granularity requested
for the set of location information; and
translating the received query to a struc-
tured query language (SQL) command
based on the level of granularity.

4. The method of claim 3 as it depends from claim 1,

generating the heat map based on the retrieved lo-
cation information, comprises:

splitting a location comprising the plurality of lo-
cation coordinates into a plurality of discrete
segments; and

generating the heat map based on the plurality
of discrete segments; or

the method of claim 3 as it depends from claim
2, wherein generating the heat map based on
the retrieved location information, comprises:

splitting a location comprising the plurality
of location coordinates into a plurality of dis-
crete segments; and

generating the heat map based on the plu-
rality of discrete segments.

The method of claim 1 or of any preceding claim
dependentdirectly or indirectly from claim 1, wherein
receiving a plurality of location coordinates of a user
during a virtual reality simulation, comprises:

receiving a first plurality of location coordinates
corresponding to alocation of a user’s gaze; and
receiving a second plurality of location coordi-
nates corresponding to a location of a user’s
hands or

the method of claim 2, or of any claim dependent
directly or indirectly from claim 2, further com-
prising:

receiving a second plurality of location coordi-
nates corresponding to a location of a user’s
hands.

The method of claim 5, further comprising:
receiving a third plurality of location coordinates cor-
responding to a rotation of a user’s head.

The method of claim 1 or of claim 2 or of any pre-
ceding claim, wherein each location coordinate of
the plurality of location coordinates includes an x-
coordinate, a y-coordinate, and a z-coordinate.

The method of claim 1 or of claim 2 or of any pre-
ceding claim, wherein the database is a PostGIS da-
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tabase.
A system, comprising:

a processor; and

a memory having programming instructions
stored thereon, which, when executed by the
processor, performs an operation comprising:

receiving, from a virtual reality headset, a
software development kit comprising a plu-
rality of location coordinates corresponding
to a gaze of a user during a virtual reality
simulation;

uploading the plurality of location coordi-
nates to a database;

generating an application programming in-
terface (API) configured to receive a query
from a remote client device;

prompting the remote client device that the
APl is available to receive one or more pa-
rameters to query the database;

receiving the one or more parameters via
the API from the remote client device;
querying the database using the received
query according to a criteria set forth in the
received query to retrieve a set of location
information;

generating a heat map based on the re-
trieved location information; and
prompting the remote client device, via a
second API, that the heat map is available
for display.

The system of claim 9, wherein querying the data-
base using the received query according to a criteria
set forth in the received query to retrieve a set of
location information, comprises:

parsing the received query;

identifying a level of granularity requested for
the set of location information; and

translating the received query to a structured
query language (SQL) command based on the
level of granularity.

The system of claim 10, wherein generating the heat
map based on the retrieved location information,
comprises:

splitting a location comprising the plurality of lo-
cation coordinates into a plurality of discrete
segments; and

generating the heat map based on the plurality
of discrete segments.

The system of claim 9 or of claim 10 or of claim 11,
wherein the operation further comprising:
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receiving a second plurality of location coordinates
corresponding to a location of a user’s hands.

The system of claim 12, wherein the operation further
comprises:

receiving a third plurality of location coordinates cor-
responding to a rotation of a user’s head.

The system of claim 9 or of any of claims 10 to 13,
wherein each location coordinate of the plurality of
location coordinates includes an x-coordinate, a y-
coordinate, and a z-coordinate.
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